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ExoPlanet Exploration Program

Princeton Testbed

ÅLocated in basement of 
Frick Chemistry Building on 
Princeton Campus

ÅTube is not evacuated and 
is filled with ambient air

ÅFiber-fed laser operating 
at: 

ω 641, 660, 699, 725 nm
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ExoPlanet Exploration Program

Overview

ωMilestone 1A/B Open Issue: Vector Diffraction Models

ωVector Diffraction Plan and Update

ωM2 Plan and Update
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ExoPlanet Exploration Program

Milestone 1A/B Open Issues

ωM1A (monochromatic) and M1B (4 bands 640, 660, 700, 725) 
achieved 10-10 contrast at the IWA.

ςContrast was limited by lobes due to Polarization (Vector Diffraction)

ςLobes showed asymmetry. 
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M1A: 640 nm, 4 rotations M1B: 640, 660, 699, 725 nm



ExoPlanet Exploration Program

Plan to Address Vector Diffraction

ωLobe asymmetry: determine source of vector diffraction lobe 
asymmetry and validate the model prediction of asymmetry in a 
controlled experiment. 

ωCharacterize the dependence of vector diffraction on 

ςthe number of petals by comparing a 12 petal mask to the 16 petal 
mask.

ςmask thickness.

ωModel the vector diffraction for flight-like edges and use our 
vector diffraction models to predict flight performance. 

ωStudy alternative testbeds and test configurations that could allow 
a larger range of starshadescales to be studied.
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ExoPlanet Exploration Program

Vector Diffraction: Lobe Asymmetry Model

ωLateral pupil offset ~ 1 mm may 
explain the asymmetry.

ωThickness gradient across the mask 
may be part of the issue as well, if 
~ 1 um across the mask.

ωImprovement made:

ςUse blue channel (outside starshade
band where contrast is poor) to align 
the beam at the pupil.

ω On-orbit Formation Flying technique!

ςMisalignment now well below 1 mm.

ςGood results using a 7 um thick 
mask.
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Left: data from Milestone 1b (early 2019).  Right: a model 

(assuming a horizontal polarization) with the telescope pupil 

displaced vertically by 1 mm.  

DW9, Dec. 2019



ExoPlanet Exploration Program

Vector Diffraction Status: Dependence on Mask Thickness

ωDW9: 7 um thick, 7.5 
um gaps. 

ωDW21: 3 um thick. 16 
um gaps.

ωSame model is applied 
to both masks.

ωWorks equally well at 
different wavelengths.

ω²ŜΩŘ ƭƛƪŜ ǘƻ ƛƳǇǊƻǾŜ 
the correlation and 
understand why the  
ƳƻŘŜƭ ƛǎƴΩǘ ƳƻǊŜ 
consistent.
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ExoPlanet Exploration Program

Vector Diffraction: Observe signal through crossed polarizers
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ExoPlanet Exploration Program

Vector Diffraction: Confirmation

ωCrossed-polarizer model matches data to < 1e-10 at the IWA.
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ExoPlanet Exploration Program

Polarization Model Confirmation

ωLobe asymmetry improved through careful alignment.

ωPolarization nature of the lobes confirmed through cross-polarizer 
experiment.
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Analyzer Angle



ExoPlanet Exploration Program

Polarization Model Confirmation
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Analyzer Angle



ExoPlanet Exploration Program

Vector Diffraction: Cross Terms in Different masks

ωModel works at the 
1e-10 level for two 
different mask, and 
two different 
wavelengths (not 
shown).
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ExoPlanet Exploration Program

Vector Diffraction Status: Alternative Testbeds

ωIf in the end we are not satisfied with the range/quality of results 
from the Frick Testbed, we need to consider larger testbeds or 
shorter (e.g. UV, suggested by J. Grunsfeld) wavelengths.

ςLonger testbeds: contrast should improve as 1/Length

ςUV:  contrast should improve as wavelength (pending detailed study)

ωMask fabrication is more challenging because the mask is smaller.

ωConsider

ςXRCF

ςLarge buildings at ARC

ςAlternative mask fabrication (thin films)

ωDoes not require vacuum unless there are stability issues.
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ExoPlanet Exploration Program

Longer Testbeds: How Long?
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250 m 250 m 50 m 27 m 

500 m (x2) 
500 m 

Dss=2.5 cm Dss=6.5 cm

Dss=13 cm Dss=19 cm


